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Claims 

1 . A wear resistant protective film characterized by the fact that it is made of an 
amorphous compound with Si, C, N and H as the principal components; the atomic ratios of C 
and N to Si (taken as 1) are in the range of 0.2-2.0, respectively; and the atomic ratio of H to the 
entire compound is in the range of 2-22%. 

2. A method for manufacturing wear resistant protective film characterized by the fact 
that in a plasma CVD chamber, while Si(CH 3 ) 4 is fed at a flow rate of 10-100 SCCM, N 2 is fed at 
a flow rate of 50-500 SCCM, and NH 3 is fed at a flow rate of 10-100 SCCM, film is formed 
under conditions including a power density of 0.5-1 W/cm 2 , pressure in the range of 0.5-1 .5 torr, 
and temperature of 250-500°C. 

Detailed explanation of the invention 
Technical field 

This invention pertains to a wear resistant protective film. In particular, this invention 
pertains to a wear resistant protective film for a thermal head. 

Prior art 

Figure 1 is a diagram illustrating the basic constitution of the thermal head of a heat 
sensitive printer, the output device for fax machines, computer terminals, word processors, 
recorders, etc. In this constitution, resistance heater layer (2) is formed on the surface of ceramic 
substrate (1) having a heat-storing glaze layer on the surface. Lead layers (3), (3') are formed on 
the two ends for power application. In addition, as the uppermost layer, protective layer (4) is 
formed for preventing wear and damage of heater layer (2) and lead layers (3), (3') due to sliding 
of the heat sensitive paper. In application, as power is turned on between lead layers (3), (3'), 
resistance heater layer (2) generates heat, and the generated heat is sent through protective layer 
(4) to heat-sensitive paper to perform heat-sensitive recording. 

The protective layer of the thermal head is required to have high hardness, high wear 
resistance, high heat resistance, and a sufficient durability to protect against the effects of sliding 
and heating over a long period of time. 

There is yet no material that can sufficiently meet these strict demands of the protective 
layer. The conventionally used materials include Ta20 5 and SiC. However, Ta 2 05 has a poor 
hardness and wear resistance. On the other hand, although SiC has a high hardness it has a poor 
durability, and a low crack resistance. Studies have also been made on SiC>2. However, it reacts 
with the heat sensitive paper, and it has a high friction coefficient with the photosensitive paper 
[sic; heat-sensitive paper], so that sticking or other problems occur. As a result, it cannot be used. 
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In addition, in the summer or in the rain when there is a high humidity, alkali ions can 
invade the heat generating layer through the protective film. SiC, one of the excellent materials 
for protective films, cannot sufficiently solve this problem. Also, for the Si-O-B-based protective 
film that has been proposed, the boron [material] is very expensive. 

Purpose of the invention 

The purpose of this invention is to provide a protective film with excellent wear 
resistance, humidity resistance, heat resistance, and crack resistance. Another purpose of this 
invention is to provide a protective film with said excellent properties when used on a thermal 
head, in particular. 

Abstract of the invention 

This invention provides a wear resistant protective film characterized by the fact that it is 
made of an amorphous compound with Si, C, N and H as the principal components; the atomic 
ratios of these components are as follows: 

a 2 < c/s i ^ 2. o 
a 2 ^n/s i ^ i o 

2*£H^2 2* 

According to this invention, said protective film is formed using a method characterized 
by the fact that the film is formed by means of plasma CVD method using Si(CH 3 ) 4 , N 2 , and NH 3 
as the feed gases. 

The protective film of this invention has high hardness and high wear resistance, and it 
can be used for a long time. It is believed that such excellent properties are mainly due to the 
functions of carbon and nitrogen. The protective film of this invention has a sufficiently high 
electrical insulating property. This is believed to be due to hydrogen contained in the film in 
addition to carbon and nitrogen. Also, the protective film of this invention can maintain the 
aforementioned characteristics without degradation at high temperature and high humidity, and 
this is believed to be mainly due to the nitrogen contained in it. Si(CH3)4 as a gas source can be 
procured at a low cost, and it acts to supply Si, C and H. If a nitrogen source is added the film 
can be formed. Consequently, the film is much less expensive than that prepared using a 
Si-O-B-based source. 

The protective film of this invention has high wear resistance and excellent insulating 
properties. Also, it has a high humidity resistance, and it acts as an alkali ion barrier. 



Specific explanation of the invention 

In the following, this invention will be explained in detail with reference to the 
application examples. Figure 1 is a diagram illustrating the heater portion of the thermal head in 
an application example of this invention. (1) represents an alumina substrate with a glaze layer 
formed on it. (2) represents a three-dimensional compound thin film resistor layer of polysilicon 
with a thickness of 0.2 urn. (3) and (3') represent Au electrodes each having a thickness of 2 urn. 
(4) represents a protective film with a thickness of 3 urn. 

The protective film of this invention is made of an amorphous compound with Si, C, N 
and H as its components as defined above. For the film with the ranges of contents of the 
components in this invention, not only is the wear resistance high, but also the heat resistance, 
humidity resistance, and crack resistance are high. Usually, the higher the content of Si, the 
higher the crack resistant strength. However, in consideration of the insulating property, too large 
of a Si content is undesirable. On the other hand, in consideration of the wear resistance, larger 
contents of C and N are preferred. Therefore, C/Si, H/Si are 0.2 or higher. Also, even when the 
content of hydrogen is as small as 2%, the wear resistance is high. At the same time, due to the 
presence of nitrogen, the humidity resistance is improved, and the resistance to alkali ions 
becomes higher. On the other hand, if the ratios of C/Si and N/Si are higher than 2.0, the 
durability is poor, and cracks may develop. Also, as far as hydrogen is concerned, the higher the 
content, the higher the crack resistant strength. On the other hand, the wear rate rises. 
Consequently, the limit is about 22%. 

Application examples 

In the following, this invention will be explained in detail with reference to the 
application examples. The protective film of this invention can be formed using the chemical 
vapor deposition method (plasma CVD), sputtering, etc. In particular, the former method is 



Using parallel plate plasma CVD, film was formed on a substrate device measuring 100 
um x 300 urn (see Figure 1). The film forming conditions are as follows. 
Gas flow 



preferred. 




10-100 SCCM 



50-500 SCCM 



10-100 SCCM 
0.5-1 W/cm 2 
0.5-1.5 Torr 
250-500°C 
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For the printing elements (dots) for thermal heads having protective films that are 
prepared with different compositions, the following test was performed. 

Usually, a step-stress test is a simple method for determining the crack resistance of the 
thermal head. In this method, the voltage applied on the heating resistor body for a prescribed 
time is gradually increased, and the variation in the resistance of the heating resistor body is 
measured. From the significant variation in the resistance and the cracks of the wear resistant 
protective film, the crack resistance of the wear resistant protective film is evaluated. The 
method for the test is as follows. That is, the scanning line printing time is 10 msec or longer; the 
scanning line division number is B48 division; the data transfer frequency is 1 MHz; the data 
transfer rate is 248 (B4M8); the printing voltage is 18.0-21.0 V; the printing rate is 20%; and the 
printing distance is 30 km. The dimensions of the heating resistors are 130 p.m in width and 
280 |im in length. 

In the aforementioned step-stress test, the power (W/dot) applied to each heating resistor 
when cracks are generated is taken as the crack strength. Also, when the maximum printing 
density is applied to the recording paper, the value obtained by dividing the wear depth of the 
wear resistant protective film by the printing distance of the recording paper ((im/km) is taken as 
the wear rate. 

Figure 2 is a diagram illustrating the wear rate of the thermal head shown in Figure 1 
with SiCNHx as the wear resistant protective film versus the hydrogen [content] of the crack 
strength (represented by x/(3+x)100%). Together with [increase in] the value of hydrogen 
[content], the crack strength is improved significantly. However, the increase in the wear rate is 
undesirable. 

Then, with a 5 ixm thick tungsten used as the electrode coated with the protective film of 
this invention, the test was performed at 60°C and 90%RH. It was found that when the atomic 
ratio of N to Si (taken as 1) is 0.2 or larger, the electrode was free of corrosion and the protective 
film did not peel off even after it was used 250 h or longer. 

Figure 3 is a diagram illustrating the wear rate and crack strength for different values of 
the atomic ratio of C/N. It can be seen that the variation in the C/N ratio does not influence these 
properties. 

As explained above, this invention provides a type of protective film with excellent 
quality by controlling the amorphous alloy composition of Si, C, N and H. 

Brief description of figures 

Figure 1 is a cross-sectional view illustrating the constitution of the thermal head. Figure 

2 is a diagram illustrating the influence of the content of hydrogen on the protective film. Figure 

3 is a diagram illustrating the relationship between the C/N ratio and properties. 
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Figure 2 



Key: 1 Wear rate 

2 Crack strength (W/dot) 

3 Content of hydrogen in amorphous Si-N-C-H (atom%) 
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Figure 3 



Key: 1 Wear rate 

2 Crack strength (W/dot) 

3 N/C (atomic ratio) 
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(54) PROTECTIVE FILM 

(57)Abstract: 

PURPOSE: To obtain a protective film having superior resistance to wear, moisture, heat and 
cracking by forming a film under specified conditions while feeding gaseous Si(CH3)4 ? N2 and 
NHS each at 3 prescribed flow rate to a plasma CVt^Ghamber^> 
CONSTITUTION: A film is formed on a device by a piasma'CVD method using flows of 
10W100 SCCM gaseous Si(CH3)4, 50W500 SCCM gaseous N2 and 10W100 SCCM 
gaseous NH3 under the conditions of 0.5W1W/cm2 power density, 0.5W1.5Torr pressure and 
250W500 Q C temp. The resulting protective film is made of an amorphous compound contg. 
Si, C, N and H as the principal components, in the composition, the atomic ratio of C/Si is 
Q.2W2.0, that of N/Si is 0.2W2.0, and the amount of H is 2W<22atom%, The protective film is 
suitably formed on the thermal head of a heat sensitive printer. 
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